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Introduction
General	 anesthesia	 is	 always	 required	 in	
patients	undergoing	magnetic	resonance	imaging	
in	order	to	ensure	the	restraint	of	the	animals.	The	
importance	 of	 anesthesia	 is	 correlated	 also	with	
the	 effects	 of	 it,	most	 of	 the	 anesthetics	 causing	
central	nervous	depression,	with	major	impact	on	
vital	organs	and	metabolism	(Jordi	et al,	2018).		In	
order	to	reduce	the	risks	associated	with	general	
anesthesia	 is	 recommended	 to	 initiate	 a	 proper	
monitoring	 of	 the	 patients.	 Monitoring	 of	 vital	
signs	during	magnetic	 resonance	 imaging	can	be	
very	 challenging	 due	 to	 the	 fact	 that	 equipment	
and	 accessories	 are	 not	 designed	 for	 use	 in	
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Abstract: 
General	anesthesia	produces	different	degrees	of	central	nervous	depression	and	changes	in	the	peripheral	
circulation,	therefore	affecting	the	patient’s	thermoregulatory	mechanism.	Moreover,	the	lack	of	proper,	specially	
designed	equipment	for	magnetic	resonance	imaging	(MRI)	environment	monitoring	can	represent	a	challenge	
for	the	anesthetist.	We	examined	the	temperature	variations	correlated	with	different	anesthetic	protocols	in	dogs	
that	underwent	general	anesthesia	in	order	to	evaluate	changes	in	rectal	and	distal	extremities	temperature,	before	
and	after	anesthesia.	This	study	was	conducted	at	the	Faculty	of	Veterinary	Medicine	in	Bucharest,	on	21	dogs	that	
were	divided	in	3	groups	depending	on	the	anesthetic	protocol	used.	First	group	(B)	received	butorphanol	(0.2	
mg/kg,	intravenously	IV),	second	group	(BK)	had	butorphanol	(0.2	mg/kg)	and	a	low	dose	of	ketamine	(2	mg/kg)	
IV,	and	group	3	(BM)	was	premedicated	with	butorphanol	(0.2	mg/kg)	and	midazolam	(0.2	mg/kg)	IV.	All	patients	
were	induced	with	propofol	i.v.	(3.24±0.68),	intubated	and	maintained	with	isoflurane	and	oxygen.	We	determined	
rectal	temperature	before	and	right	after	the	end	of	anesthesia	with	a	digital	thermometer	and	distal	extremities	
temperature	 with	 the	 use	 of	 a	 thermal	 imaging	 camera	 attached	 to	 a	 smartphone.	 There	 was	 no	 significant	
difference	between	the	rectal	temperature	before	and	after	anesthesia	within	the	3	groups.	Patients	in	group	BK	
had	a	significant	change	in	skin	temperature	at	the	end	of	anesthesia	in	all	limbs	(from	310C	to	29.8	0C,	p=0.008	
and	from	31	0C	to	29.70C,	p=0.009),	respectively).	Temperature	variations	were	presented	before	and	at	the	end	of	
anesthesia,	for	all	the	groups	especially	at	skin	level.	This	study	revealed	that	mobile	thermal	imaging	represents	a	
non-invasive	technique	that	is	helpful	in	assessing	real	time	temperature	changes	in	patients	undergoing	general	
anesthesia.	
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MRI	 environment	 (Smith,	 2015).	 Hypothermia	
represents	 one	 of	 the	 complications	 during	 and	
after	general	 anesthesia,	being	considered	at	 the	
same	time	the	most	common	perioperative	thermal	
disturbance	(Sessler,	2016).	In	different	studies	the	
frequency	of	hypothermia	 is	described	as	97.4%	
and	 83.6%,	 respectively,	 for	 cats	 and	 dogs	when	
hypothermia	is	defined	as	T°	<	38.5	°C	(Rose	et al., 
2016).	However,	Amstrong	et al. (2005)	described	
normothermia	 for	dogs	and	cats	as	37.8–39.2	 °C	
(Armstrong	 et al.	 2005),	 so	 this	 prevalence	 of	
hypothermia	might	be	an	overestimation.	Among	
the	 complications	 correlated	 with	 a	 decreased	
body	 temperature	 has	 been	 noted:	 bradycardia,	
hypotension,	arrhythmias,	hypoventilation,	apnea,	
hypoxaemia	and	also	a	reduction	of	the	metabolism	
(Khenissi	et al.,	2017).	During	general	anesthesia	
the	temperature	monitoring	devices	often	used	are	
represented	by	digital	thermometers,	temperature	
probes	 (inserted	 in	 the	 esophagus	 or	 rectum),	
unfortunately	in	case	of	using	an	MRI	incompatible	
temperature	probe,	the	patient	can	suffers	burns,	
most	likely	at	the	tip	of	the	wire.	Therefore,	during	
MRI	scan	the	monitoring	of	animal’s	temperature	
is	not	used	(Kruse,	2018).	Mammals	are	classified	
as	homeotherms	or	warm	blooded	animals	(Reece,	
2015)	 and	 with	 the	 help	 of	 thermoregulation	
process	 being	 able	 to	 maintain	 stable	 internal	
body	 conditions	 regardless	 the	 changes	 of	 the	
environment	temperature	(Morrison	et al.,	2008).	
Temperature	 of	 the	 core	 compartment	 (deep	
temperature)	is	kept	higher	and	in	tight	regulation	
compared	 with	 the	 periphery	 being	 considered	
the	 temperature	 of	 clinical	 interest.	 However	
thermoregulatory	 vasomotor	 control	 maintains	
a	gradient	between	core	and	periphery	of	2	-	40C 
(Baldo and	Palmer,	2018).
Materials and Methods
The	 study	 was	 conducted	 at	 the	 Faculty	 of	
Veterinary	 Medicine	 Bucharest	 in	 collaboration	
with	 the	 department	 of	 imagistic	 diagnosis	
between	October	2018	and	March	2019.	A	number	
of	 21	 dogs	 went	 under	 general	 anesthesia	 in	
order	 to	 perform	 magnetic	 resonance	 imaging	
examination	 for	either	 suspicion	of	 intracranium	
or	 column	 pathology.	 Preanesthetic	 examination	
was	performed	according	to	ASA	status	(American	
Society	 of	 Anesthesiologists),	 patients	 belonging	
to	an	ASA	2	or	3	risk	group.	
Dogs	 included	 in	 this	 study	 were	 divided	
into	 3	 groups	 depending	 on	 the	 premedication	
protocol	 used.	 The	 induction	 of	 anesthesia	 was	
made	with	propofol	IV.	All	patients	were	intubated	
endotracheal	and	maintained	with	isoflurane	(2	-	
2.5%)	in	oxygen.	In	the	first	group	were	included	
patients	 anesthetized	 with	 butorphanol	 IV	 at	 a	
dose	of	0.2	mg/kg,	while	patients	in	group	2	and	
3	 received	 besides	 butorphanol	 (0.2	 mg/kg),	 a	
low	dose	of	ketamine	at	2	mg/kg,	IV,	respectively	
midazolam	at	0.2	mg/kg	IV.	
During	general	anesthesia	we	monitored	 the	
oscillimetric	non-invasive	arterial	blood	pressure	
and	 capnography.	 Crystalloid	 solutions	 were	
administered	 at	 3-5	 ml/kg/hour	 IV	 throughout	
anesthesia.	
Due	 to	 the	 lack	 of	 special	 MRI	 monitoring	
equipment,	 the	 temperature	 probe	 couldn’t	 be	
used	 on	 our	 patients.	 In	 order	 to	 obtain	 distal	
extremities	 thermal	 images	 we	 used	 a	 thermal	
imaging	camera	attached	to	our	smart	phones.	The	
thermal	camera	used	was	a	Seek	Thermal	model	
designed	to	connect	to	an	Iphone.	The	temperature	
that	 is	 able	 to	 register	 is	 ranged	 between	 -400 
Celsius	to	300	0	C.	The	images	taken	are	stored	into	
iOS	application	called	Seek	Thermal.	
Before	starting	this	study,	our	thermal	camera	
was	 compared	 with	 a	 proper	 thermograph.	 The	
only	 differences	 registered	 were	 in	 the	 quality	
of	 the	 image,	 not	 in	 the	 results.	All	 patients	 that	
underwent	 a	 general	 anesthesia	 for	 the	 MRI	
scan	 had	 a	 rectal	 temperature	 taken	 by	 a	 digital	
thermometer	before	premedication	and	at	the	end	
of	the	scan.	The	values	recorded	in	all	3	groups	of	
dogs	were	not	significantly	different.	Patients	were	
not	 covered	 during	 anesthesia	 and	 no	 warming	
device	could	have	been	used	due	to	the	magnetic	
field	in	the	room.	All	dogs	were	seated	on	pads.	The	
room	temperature	was	maintained	at	210C	for	all	
the	procedures.	We	 recorded	 the	 temperature	of	
the	paws	for	forelimbs	and	hindlimbs	only	twice,	
before	the	administration	of	any	anesthetic	drugs	
(T0)	and	right	after	the	close	of	gaseous	anesthetic	
(T1).	 The	 right	 and	 left	 forelimbs,	 respectively	
hindlimbs	were	averaged	and	subtracted	from	the	
initial	rectal	temperature	in	order	to	calculate	the	
delta	(rectal	minus	distal	extremity	temperature)	
temperature	 for	 each	 time	 point.	 For	 results	
interpretation	 we	 used	 descriptive	 statistics	 for	
different	 characteristics	 and	 outcome	 measures	
regarding	 the	 patient,	 variables	 like	 mean	 +/-	
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standard	 deviation,	 percentage.	 P	 values	 were	
used	 to	 determine	 the	 difference	 between	 rectal	
temperature	 and	 the	 average	 and	 delta	 distal	
extremities	temperature.	
Results and discussions
The	 total	 of	 dogs	 that	 underwent	 general	
anesthesia	 for	 MRI	 scan	 was	 21.	 Our	 patients	
ages	ranged	from	0.3	years	to	12	years	old	(mean	
7.15	years	old).	Dogs	in	our	study	weigh	between	
3.1	and	17.3	kg	 (mean	8,1	±	7,6).	The	 total	dose	
of	propofol	used	 for	 induction	of	 anesthesia	was	
not	 significantly	 different	 between	 our	 groups	
and	 ranged	 from	2	 to	5	mg/kg	with	a	mean	and	
standard	deviation	of	3.24	±0.68.		The	duration	of	
anesthesia	was	47.6±	9.9	minutes.
We	 calculated	 delta	 temperature	 by	
subtracting	 the	 average	 thermal	 temperatures	
of	 either	 forelimbs	 or	 hindlimbs	 from	 the	 initial	
rectal	 temperature	 at	 each	 time	 point.	 There	
were	 no	 significant	 differences	 between	 initial	
rectal	 temperature	 and	 the	 distal	 extremities	
temperatures	in	all	the	groups,	at	each	time	point.
In	 patients	 premedicated	 with	 butorphanol	
and	ketamine	we	remarked	a	significantly	change	
in	 distal	 extremities	 temperatures,	 for	 both	 fore	
and	 hindlimb,	 before	 premedicatioan	 and	 right	
after	the	close	of	isoflurane.	
The	 results	 obtained	 showed	 a	 decrease	 in	
forelimbs	 peripheral	 temperature	 (before	 and	
after	 anesthesia)	 from	 310C	 to	 29.80C	 (p=0.008)	
and	from	310C	to	29.70C	(p=	0.009)	for	hindlimbs	
respectively.	
There	were	no	changes	in	the	other	2	groups	
regarding	 the	 difference	 between	 the	 initial	
peripheral	 temperature	 in	 both	 forelimbs	 and	
hindlimbs,	and	the	perihperal	temperature	at	the	
end	of	anesthesia.	
However,	 significantly	 differences	 were	 also	
recorded	in	the	delta	temperature	(the	initial	rectal	
temperature	minus	distal	extremity	temperature)	
of	 forelimbs	(p=0.006;	 from	7.60	C	 to	8.90C	)	and	
hindlimbs	 (p=0.007;	 from	7.80C	 to	 90C)	 between	
the	 two	 time	point	 (before	and	after	anesthesia)	
in	 patients	 premedicated	 with	 butorphanol	 and	
ketamine.	
In	 this	 study	 we	 observed	 a	 change	 in	 the	
peripheral	temperature	of	both	fore	and	hindlimbs	
in	dogs	that	underwent	a	general	anesthesia	for	an	
MRI	scan.	The	only	significant	difference	was	seen	
in	 patients	 premedicated	 with	 butorphanol	 and	
ketamine.	Dogs	 in	this	group	suffered	a	decrease	
between	the	average	peripheral	limb	temperature	
before	 and	 at	 the	 end	 on	 anesthesia,	 compared	
with	patients	premedicated	with	butorphanol	and	
midazolam	or	only	with	butorphanol.	
Different	 studies	 describe	 the	 effects	 of	
injectable	 anesthetics	 like	 propofol	 or	 volatile	
anesthetic	 gases	 on	 the	 body	 temperature	 in	
human	medicine.	It	has	been	shown	that	propofol	
Table 1.	Demographic	of	the	dogs	population
Variable Butorphanol group    = 7
Butorphanol + 
Ketamine =7
Butorphanol + 
Midazolam    = 7
Age (years)* 5.9±4.19 7.14±3.07 8.42±1.27
Weight ( kg)* 6.05±2.03 8.18±2.83 10.08±4.28
Propofol dose (mg/kg)* 3,17±	0.23 3,14	±	0.89 3.42	±		0.78
Time of anesthesia 
(min)* 42.8	±	9.5 47.8	±	6.3 52.1		±12.1
*Variables	represent	the	mean	±	standard	deviation
Table 2.	Temperature	variations	of	the	limbs
Temperature* (0 Celsius)
Group FLB FLA HLB HLA
Butorphanol 31.6±3 31.4 ±1.88 30.7 ±3.98 30.9 ± 0.97
Butorphanol 
+ Ketamine 31.2 ±3.23 29.8 ± 3.64 31 ±3.30 29.7 ±3.32
Butorphanol + 
Midazolam 30.8±2.83 30.8 ± 2.57 30.7 ±3.54 31 ± 1.80
*Values	represent	the	mean	±	standard	deviation	of	limbs	temperature	before	and	after	anesthesia
FLB=	forelimbs	before	anesthesia;	FLA=forelimbs	after	anesthesia
HLB=	hindlimbs	before	anesthesia;	HLA=	hindlimbs	after	anesthesia
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determined	a	decrease	in	body	surface	temperature	
with	different	values	depending	on	the	 time	that	
passed	since	propofol	administration.	Right	after	
the	administration	 the	authors	have	 seen	a	drop	
in	 temperature	 with	 a	 reversible	 effect	 and	 an	
increase	as	soon	as	the	propofol	was	discontinued	
and	 the	 effect	 has	 passed	 (Rajasekaran	 et al.,	
2018).	Both,	propofol	and	volatile	anesthetic	gases	
have	similar	mechanisms	on	tissues	perfusion,	by	
inhibiting	the	sympathetic	vasoconstrictive	nerve	
cells	and	resulting	 in	vessel	dilation	and	thermal	
radiation	(Noguchi	et al.,	2002).	
In	 a	 previous	 report	 (Posner	 et al,	 2010),	
cats	 premedicated	 with	 opioids	 had	 an	 increase	
in	 body	 temperature.	 The	 combination	 of	
hydromorphone	with	ketamine	determined	a	mild	
hyperthermia,	but	a	higher	dose	of	ketamine	(20	
mg/kg)	produced	a	decrease	in	body	temperature	
by	~1.60	C	(Beck	et al.,	1971).
This	technique	was	used	by	researches	in	order	
to	 evaluate	 extremity	 perfusion	 in	 patients	 with	
vascular	diseases	(Wallace	et al., 2018).	Continues	
thermal	 imagery	 offers	 the	 potential	 to	 monitor	
real	 time	 therapeutic	 response	 to	 vasoactive	
agents	 to	 improve	peripheral	 tissue	perfusion	or	
to	immediately	discontinue	ineffective	modalities	
in	 other	 clinical	 settings	 (Kelechi	 and	 Michel, 
2007;	Wallace	et al.,	2018).	
For	this	study	we	decided	to	use	the	technique	
due	to	the	lack	of	body	temperature	determinations	
during	 anesthesia	 in	 patients	 undergoing	 MRI	
scan.	 It	 provided	 us	 a	 real	 time	 monitoring	 of	
peripheral	temperature	by	converting	the	thermal	
emission	field	into	a	single	image	with	temperature	
points,	 recorded	 into	 a	 fraction	 of	 a	 second.	The	
DEGAN et al
        
Figure 3A. Left	and	right	forelimbs	before	premedication	of	anesthesia	in	a	patient	anesthesized	with	
butorphanol	and	ketamine.	
        
Figure 3B. Left	forelimb	and	right	forelimb	in	the	same	patient	as	in	figure	1A.	The	images	were	taken	right	after	
the	close	of	isoflurane
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advantages	 of	 a	 thermal	 mobile	 camera	 are	 the	
little	training	required	and	that	it	doesn’t	come	in	
direct	contact	with	the	patients.
The	 study	 does	 have	 limitations	 due	 to	 the	
only	 two	 time	 points	 when	 temperature	 was	
determined,	with	 no	 data	 on	 body	 or	 peripheral	
temperature	 during	 anesthesia.	 Moreover,	
compared	 with	 other	 studies,	 we	 used	 for	 our	
patients	 different	 anesthetics	 such	 as	 propofol	
and	 isoflurane,	 drugs	 that	 are	 able	 to	 influence	
temperature.	 However	 there	 was	 no	 significant	
difference	 in	 propofol	 doses	 between	 the	 three	
groups.	 Also	 patients	 that	 underwent	 general	
anesthesia	 had	 neurological	 disease,	 either	
intracranial	(n=7)	or	column	diseases	(n=14)	that	
can	 affect	 the	 thermoregulation	 mechanism.	 All	
these	 patients	 had	 a	 uniform	 division	 between	
the	 three	 groups.	 Another	 limitation	 can	 be	
represented	by	the	different	body	surface	and	the	
coat	of	the	patients	belonging	to	different	breeds.	
Conclusions
Our	study	demonstrates	the	feasibility	of	using	
a	 mobile	 thermal	 imager	 to	 asses	 temperature	
changes	 in	 patients	 undergoing	 general	
anesthesia.	 The	 use	 of	 a	 mobile	 thermal	 imager	
to	determine	skin	temperature	can	serve	as	a	tool	
for	hemodynamic	monitoring	in	sedated	animals.	
There	 were	 no	 significant	 changes	 in	 rectal	 and	
skin	peripherial	temperature	in	group	B	and	BM,	
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Figure 4 A. Left	and	right	hindlimbs	distal	extremities	of	the	same	patient	as	in	figure	1	A	and	B,	before	the	
administration	of	premedication.
        
Figure 4 B. Temperature	of	left	and	right	hindlimbs	distal	extremities	(paws)	at	the	end	of	anesthetic	procedure.
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however	 dogs	 premedicated	 with	 butorphanol	
and	ketamine	had	a	significant	decrease	between	
the	two	time	points,	regarding	the	peripheral	skin	
temperature.	
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